Between 0.3% and 0.5% of all pregnancies occur among women with epilepsy. Evidence suggests an increase in perinatal morbidity and mortality among women with epilepsy. However, these risks have not been quantified in large population-based samples.
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However, the risks to pregnancies among women with epilepsy may extend even further. Individual studies have reported that women with epilepsy are at increased risk for outcomes such as gestational hypertension, 4 ,5 preeclampsia, [5] [6] [7] [8] cesarean delivery, [7] [8] [9] [10] [11] and prolonged length of hospital stay. 10 Yet other studies [4] [5] [6] [7] 10 have failed to replicate these associations. A literature review 12 published by the American Academy of Neurology concluded that women with epilepsy were not at substantially increased risk of cesarean delivery, late pregnancy-related bleeding, or preterm labor. However, there was insufficient evidence to conclusively evaluate the risk for other complications such as preeclampsia or gestational hypertension, suggesting that more work is needed.
Assessing maternal mortality at delivery, which is a rare outcome, is often infeasible without large sample sizes. Based on a series of reports on maternal mortality in the United Kingdom, 13-17 the odds of mortality among women with epilepsy during the entire pregnancy and 42 days postpartum was estimated to be approximately 10-fold that of the general population. 18 A recent audit of maternal deaths in the United Kingdom and Ireland noted 14 deaths among women with epilepsy during pregnancy or within 42 days post partum between 2009 and 2012; the authors of this report 19 highlighted the need for more guidance, specifically in the prevention of maternal death among pregnant women with epilepsy. With inadequate data on obstetrical outcomes, the magnitude of the risk of death and other adverse outcomes in this population remains dangerously unquantified and unappreciated by the obstetrical community. The aim of our study, therefore, is to identify whether pregnant women with epilepsy are at increased risk for death and other adverse perinatal outcomes. We used the Nationwide Inpatient Sample, the largest all-payer inpatient care database in the United States, to obtain a large population-based sample of delivery-related hospital discharges among pregnant women with epilepsy.
Methods
Part of the Healthcare Cost and Utilization Project, the Nationwide Inpatient Sample is a federal-state-industry partnership sponsored by the Agency for Healthcare Research and Quality. The database is a 20% stratified sample of all US community hospitals as defined by the American Hospital Association. Representative hospitals are selected for inclusion based on 5 criteria: rural or urban location, number of beds, 
Baseline Characteristics
Baseline characteristics were abstracted using ICD-9-CM codes (eTable in the Supplement) and included having multiple births, a previous cesarean delivery, preexisting diabetes mellitus, chronic renal disease, preexisting hypertension, depression, alcohol or substance abuse, and psychiatric disorders. From the data set variables, we directly abstracted maternal age, primary payer, race (white, black, Hispanic, Asian or Pacific Islander, Native American, or other), and income quartile of the patient's zip code. Hospital characteristics were obtained directly from the data set and included hospital region, location, bed size, and teaching status. We also calculated quartiles of the annual number of deliveries per hospital.
Maternal and Fetal Outcomes
Maternal outcomes were primarily chosen to reflect outcomes previously associated or hypothesized to be associated with epilepsy. As a summary measure for overall maternal morbidity, we used the Centers for Disease Control and Prevention severe maternal morbidity composite outcome 22 to provide a summary measure of overall maternal morbidity. Other specific outcomes included maternal death (death as the recorded hospital disposition), cesarean delivery, induction of labor, length of stay (in days and in percentages with stays longer than 6 days) among cesarean and vaginal deliveries, pregnancy-related hypertension (gestational hypertension or preeclampsia), gestational hypertension alone, and preeclampsia alone. From the identified ICD-9-CM codes, we calculated the incidence of eclampsia codes among women with preeclampsia during the hospitalization. Other maternal outcomes included antepartum hemorrhage, postpartum hemorrhage due to atony and not due to atony, severe postpartum hemorrhage, gestational diabetes, preterm labor (<37 weeks), premature rupture of membranes, and chorioamnio-
Statistical Analyses
Odds ratios (ORs) and 95% CIs were calculated for all binary maternal and fetal outcomes using logistic regression. Odds ratios were adjusted for variables reflecting baseline demographic characteristics and included maternal age, race, quartile of median household income for patient's zip code, hospital location (urban or rural), hospital region, and year. Variables with more than 5% missing values were assigned a missing indicator level. Statistical tests were 2 sided with P < .05 indicating statistical significance. Discharge-levels sampling weights available in the database ("discwt" variable) were applied to obtain national estimates representing discharges from all US community hospitals. All statistical analyses were conducted using SAS version 9.3 (SAS Institute Inc).
Sensitivity Analyses
In an attempt to understand the ultimate causes of maternal deaths, models were further adjusted for common causes of maternal mortality: hemorrhage and preeclampsia (in addition to the standard adjustment covariates already mentioned). 23 Assuming we are adjusting for common causes of maternal mortality and these obstetrical complications, findings would indicate whether the association between epilepsy and maternal mortality is mediated through these complications.
To evaluate the robustness of our epilepsy diagnosis, which was based on codes, and rule out the possibility of eclampsia seizures being recorded as epilepsy, we conducted a sensitivity analysis in a restricted cohort of pregnant women with pregnancies uncomplicated by hypertensive disorders (preeclampsia, eclampsia, or gestational hypertension), with the rationale being that the majority of nonepileptic seizures would be excluded in this group.
Finally, to eliminate the possibility that nonepileptic seizures were being incorrectly coded under the ICD-9-CM code 345.9x ("epilepsy, unspecified"), we redefined our criteria for epilepsy by removing this code. The obstetrical risks were requantified for this restricted group of women with epilepsy.
Results
A total of 4 190 599 delivery-related hospital discharges were included in our study population. Of these, 14 151 were women with epilepsy. After applying the Nationwide Inpatient Sample sampling weights to obtain national estimates for the United States, we found that the source population became 69 385 women with epilepsy and 20 449 532 women without epilepsy (20 518 917 discharges total). Results did not change after including sampling weights, and so only weighted results are presented. Because information on race was missing for more than 5% of women, a missing indicator level was added for this variable.
Baseline Characteristics
Baseline characteristics are presented in Table 1 . The mean age at delivery for both subgroups of women was 27 years (27.1 years for women with epilepsy vs 27.6 years for women without epilepsy). Women with epilepsy were more likely than women without epilepsy to have Medicaid as their primary payer (51.6% vs 42.9%) and to be at the lowest quartile of median household income by zip code (33.0% vs 27.1%). Women with epilepsy were less likely than women without epilepsy to be Hispanic (14.1% vs 19.2%) or Asian/Pacific Islander (1.4% vs 4.3%). The proportion of multiple births was similar between the 2 groups (1.7% of women with epilepsy vs 1.8% of women without epilepsy). Women with epilepsy were more likely than women without epilepsy to have had a previous cesarean delivery (18.6 vs 16.1%) and to have chronic conditions such as diabetes mellitus (2.1% vs 0.9%), chronic renal disease (0.7% vs 0.2%), preexisting hypertension (4.1% vs 1.9%), depression (6.2% vs 1.9%), alcohol or substance abuse (5.4% a Outcomes are not mutually exclusive.
b Because of a small degree of missing data, percentages may not exactly reflect the denominators provided. Data weighted using sampling weights to achieve nationally representative estimates. c Exact amount varies by year. In 2011, the first quartile was from $1 to $37 999, the second quartile was from $38 000 to $47 999, the third quartile was from $48 000 to $63 999, and the fourth quartile was $64 000 or more. d Includes anxiety, adjustment, eating, mood, personality, and psychotic disorders.
Hospital Characteristics
Hospital characteristics are presented in Table 2 . The hospital characteristics of region, location, bed size, and annual number of deliveries did not differ substantially between women with epilepsy and women without epilepsy. Women with epilepsy were slightly more likely than women without epilepsy to stay at a teaching hospital (54.5% vs 47.6%).
Maternal Mortality
The frequency of death at delivery hospitalization was 80 deaths per 100 000 pregnancies for women with epilepsy and 6 deaths per 100 000 pregnancies for women without epilepsy. After adjusting for maternal age, race, household income for patient's zip code, hospital location, hospital region, and year, we found that this corresponded to a more than 10-fold increased risk of death for women with epilepsy compared with women without epilepsy (adjusted OR, 11.46 [95% CI, 8.64-15.19]) ( Table 3 ; eFigure 1 in the Supplement).
Other Obstetrical Outcomes
Frequencies and ORs of obstetrical outcomes are presented in Table 3 (eFigures 1 and 2 in the Supplement). Overall, using the 
Sensitivity Analyses
Controlling for hemorrhage and preeclampsia in an attempt to explore whether these outcomes mediate the association between epilepsy and maternal mortality did not dramatically alter the effect estimate for death (adjusted OR, 9.65 [95% CI, a Because of a small degree of missing data, percentages may not exactly reflect the denominators provided. Data weighted using sampling weights to achieve nationally representative estimates. b The definition of the number of beds that qualifies as small, medium, or large depends on the region, location, and teaching/nonteaching designation. c Less than 285 deliveries in the first quartile, from 285 deliveries or less to less than 720 deliveries in the second quartile, from 720 deliveries or less to less than 1739 deliveries in the third quartile, and 1739 or more deliveries in the fourth quartile (unweighted).
7.27-12.81])
. Analyses for epilepsy code validation found that after the exclusion of pregnancies complicated by preeclampsia, eclampsia, and gestational hypertension, the adjusted ORs of the examined outcomes did not dramatically change (maternal mortality: adjusted OR, 9.81 [95% CI, 6.84-14.07]). In addition, the risk for death using the restricted criteria for epilepsy diagnosis (excluding code 345.9x) was not substantially altered (adjusted OR, 9.77 [95% CI, 7.13-13.39]), nor was the effect of other examined outcomes.
Discussion
Women with epilepsy were at significantly higher risk than women without epilepsy for a variety of obstetrical complications at delivery. This was evidenced by their higher risk on the severe maternal morbidity composite outcome, as well as in the examination of individual complications. The most dramatic finding was a more than 10-fold increased risk of ma- ternal death. Women with epilepsy were also more likely than women without epilepsy to experience preeclampsia, preterm labor, hemorrhage, and chorioamnionitis. Compared with women without epilepsy, women with epilepsy had a longer length of hospital stay, were more likely to deliver via cesarean delivery, and were more likely to undergo induced labor. Babies born to women with epilepsy were at a higher risk of stillbirth, poor intrauterine growth, preceding fetal distress, and congenital abnormalities. However, despite their heightened risk of complications, we did not observe evidence that women with epilepsy are routinely triaged to high-risk medical centers. Women with epilepsy delivered at hospitals of similar size in terms of number of beds and annual deliveries, although they were slightly more likely than women without epilepsy to stay at a teaching hospital. The 10-fold increased risk of dying during delivery hospitalization is in line with one previous estimate for maternal mortality during the entire pregnancy and 42 days post partum.
18 However, unlike the previous estimate, the findings from the present study relate to mortality occurring only during the delivery hospitalization. As such, our absolute risk estimate for maternal mortality would be lower if one considered the time before delivery and in the post partum after hospital discharge, both for women with epilepsy and for women without epilepsy. It should be noted, however, that while the risk is substantially heightened on the multiplicative scale, maternal death during delivery is still very rare even among women with epilepsy (80 deaths per 100 000 pregnancies).
With our data, we can only hypothesize the ultimate causes of death during delivery among women with epilepsy. Part of the increased risk may be mediated by the higher prevalence of potentially life-threatening obstetrical complications such as preeclampsia and postpartum hemorrhage. While the effect estimate did not drastically change after controlling for postpartum hemorrhage and preeclampsia, we are aware of the possibility for selection bias to be introduced after the adjustment of intermediates. 24, 25 Thus, we are unable to comment decisively on the role that these adverse obstetrical outcomes played on the risk of mortality among women with epilepsy. Alternatively, the deaths may have occurred because of complications directly related to seizures; for example, the patient may have gone into status epilepticus or experienced aspiration of fluids during a seizure. The rate of sudden unexpected death among persons with epilepsy has been reported to be nearly 24 times that of the expected rate among the general population, 26 and thus sudden unexpected death could be a possible explanation for the increased risk. Regardless of the specific cause, the point that women recorded as having epilepsy have an increased risk of mortality remains a clinically relevant message suggesting that increased attention should be paid. Future research is needed to determine the specific causes of mortality and how interventions might improve outcomes. The risk for other outcomes generally confirms those identified in previous studies of women with epilepsy, although our large sample size allows us to make more precise estimates. Similar to prior studies, we observe an increased risk of preeclampsia, [5] [6] [7] [8] longer lengths of hospital stay, 10 and inductions. 8 We observe a 40% increase in the risk for cesarean delivery, which would translate into an additional 7400 cesarean deliveries per 100 000 deliveries among women with epilepsy compared with the general population. Similarly, our risk estimate for preterm labor among women with epilepsy would translate into an added 3700 cases of premature labor and delivery per 100 000 pregnancies among women with epilepsy. A higher risk for preterm labor has been found in some studies 7, 27 but not in others. 4, 9, [28] [29] [30] Risk of antepartum hemorrhage and postpartum hemorrhage, including severe bleeding, was significantly increased among women with epilepsy, contrary to previous reports of smaller sample sizes. 9, 29 In our data, 3.7% of the fetuses in women with epilepsy and 2.1% of fetuses in women without epilepsy had poor growth recorded in maternal records. A significant increase in risk for poor growth has been reported before. 31, 32 The small increased risk found for fetal distress (4%) was also consistent with previous studies that had not supported a significantly increased risk. 9, 28, 30 Finally, we note a significant 27% increased risk for stillbirth among offspring born to mothers with epilepsy, a magnitude similar to that found in previous work. 7 Our study relied on the use of ICD-9-CM codes to identify women with epilepsy and thus is subject to the limitations of these codes. There are few recent data validating ICD-9 epilepsy codes. [33] [34] [35] Therefore, it is possible that women who experience seizures due to nonepileptic causes (eg, hypertensive disorders during pregnancy) may be misclassified as having epilepsy in their discharge record. To address this, we conducted 2 sensitivity analyses. First, we excluded women recorded as having hypertensive disorders. Doing so excluded the majority of nonepileptic seizure cases and reduced the possibility of misclassification in the epilepsy codes. Despite this exclusion, we found that the risk for maternal mortality and the measures of morbidity associated with epilepsy in the main analysis remained high, suggesting that misclassification did not solely drive the effect of epilepsy. The second sensitivity analysis addressed concerns regarding code 345.9x ("epilepsy unspecified") incorrectly containing women with nonepileptic seizures. After excluding this code from the criteria for defining epilepsy, we found that there was little change in the effect of epilepsy on any of the outcomes. Together, these sensitivity analyses demonstrate the robustness of our findings to potential errors in misclassification and suggest a true effect of epilepsy.
Other limitations of our study should also be recognized. First, we cannot be sure that differential reporting did not occur. Specifically, it is possible that outcomes that did not affect maternal care were not recorded in the discharge record, potentially leading to an underestimation 36 or an overestimation of ORs. For example, baseline chronic conditions may not have been reported unless they affected the current care of the patient, thus potentially causing an underestimation of their prevalence. In addition, epilepsy cases may be monitored more closely, such that the probability of reported baseline chronic conditions may be higher for women with epilepsy than for women without epilepsy. While this may also be possible for
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our main obstetrical outcomes, the majority of our main outcomes are conditions or procedures that are routinely assessed in the course of the delivery hospitalization (eg, preeclampsia, induction, and cesarean delivery), and thus surveillance bias is less likely. Second, information about medications is not included in the data set, and thus we are unable to analyze the effect of treatment and seizure control. Future research is needed to clarify the effect of the use of specific antiepileptic drugs on the risk of complications at delivery. Third, the deidentified nature of the data prevented us from linking maternal and fetal records. Thus, outcomes like birth weight, Apgar scores, neonatal death, and admission to the neonatal intensive care unit are unavailable.
Conclusions
To our knowledge, the present study represents one of the largest population-based studies to date describing the outcomes of women with epilepsy during time of delivery. Epilepsy is relatively infrequent; therefore, the sample size required to assess rare outcomes like maternal death is quite large and not easy to obtain. However, we present the results of approximately 20 million weighted delivery discharges, approximately 69 000 of which pertained to women with epilepsy. As a product of its stratified sampling design, this data set is not only large but uniquely representative of discharges in all community hospitals across the United States, thus providing an accurate picture of the status of women with epilepsy throughout the country. With approximately half a million women with epilepsy of reproductive age in the United States 12 and 25 000 offspring born to these women annually, 37 there is considerable need to understand the risks of pregnancy in this population. The disproportionate burden of maternal morbidity and mortality among women with epilepsy suggests that these are highrisk patients who may be best cared for in medical centers with subspecialty expertise in neurology, maternal-fetal medicine, and critical care. For some obstetrical conditions, triage to high-risk medical centers has been suggested as a method to improve outcomes. 38 Future studies should explore whether this may also be the case for women with epilepsy.
